A polyphasic taxonomic approach was used to characterize a presumably novel bacterium, designated strain CC-YTH161 T ,
The genus Humibacter, belonging to the family Microbacteriaceae, order Actinomycetales and phylum Actinobacteria, was first proposed by Vaz-Moreira et al. [1] with the description of Humibacter albus as the type species. Besides this type species, the genus Humibacter presently contains four additional established species, namely Humibacter antri [2] , Humibacter ginsengiterrae, Humibacter ginsengisoli [3] and Humibacter soli [4] . They were isolated from various environmental sources such as natural cave [1] , sewage sludge compost [2] and soil samples [3, 4] . Members of the genus Humibacter are characterized to be aerobic, Gram-stain-positive, rod-shaped and motile or non-motile. They have cell walls of the acetyl type and contain 2,4-diaminobutyric acid (DAB) as the diagnostic diamino acid, and cell membranes contain menaquinones (MK) 11 and 12 as major isoprenoid quinones, and diphosphatidylglycerol (DPG), phosphatidylglycerol (PG) and unidentified glycolipids as polar lipid components [1] [2] [3] [4] .
In this study, a presumably novel bacterium (designated strain CC-YTH161 T ) was isolated from an agarwood sample collected at Nantou County, Taiwan (24 5¢ 51.6 † N 120 51¢ 22.4 † E) through a standard serial dilution-plating technique on nutrient agar (NA; Hi-Media) and R2A agar (Difco). Strain CC-YTH161
T was routinely grown aerobically on NA at 30 C for 2 days and stored at -80 C in nutrient broth (NB; Hi-Media) supplemented with 30 % (v/v) glycerol for long-term preservation.
A commercial DNA extraction kit (MO BIO UltraClean) was used to extract the genomic DNA for 16S rRNA gene amplification and the determination of G+C content. PCR was performed with bacterial universal primers pA and pH* [5] . Gene cycle sequencing was performed by using the Bigdye terminator kit [6] and ABI 3730 Genetic Analyzer (Applied Biosystems). DNA fragments encoding the 16S rRNA gene were assembled using Vector NTI 9.0 software (IBI) and deposited in the GenBank database using the Sequin software tool.
Phylogenetic analysis was performed with the MEGA 6 software [7] . Closely related 16S rRNA gene sequences were retrieved from the EzBioCloud server (http://www.ezbiocloud.net/; [8] ) and GenBank database and aligned by using the CLUSTAL X (1.83) program [9] . Phylogenetic trees were reconstructed by using 16S rRNA gene sequences with the neighbour-joining [10] , maximum-likelihood [11] and maximum-parsimony [12] methods and evaluated by bootstrap analyses [13] T , type species) were purchased from the Bioresource Collection and Research Center (BCRC), Deutsche Sammlung von Mikroorganismen und Zellkulturen (DSMZ) and Japan Collection of Microorganisms (JCM). All these reference strains were grown on NA at 30 C for 2 days, unless specified otherwise.
The neighbour-joining phylogenetic tree revealed that strain CC-YTH161 T clustered tightly with members of the genus Humibacter with high bootstrap support, irrespective of sharing significant 16S rRNA gene sequence similarities with representatives of the genera Leifsonia, Herbiconiux and Microbacterium as well (Fig. 1) . The phylogenetic position of the novel strain was quite stable, as evidenced through the minimum-evolution and maximum-likelihood algorithms. Regardless of different evolutionary comparisons, a similar topology was obtained in all phylogenetic trees, which indicated that strain CC-YTH161
T probably represents a Humibacter species.
For analysis of DNA G+C content, DNA samples were prepared and degraded enzymatically into nucleosides as described by Mesbah et al. [14] . The nucleoside mixture obtained was then separated via HPLC [Hitachi L-2130 chromatograph equipped with a Hitachi L-2200 autosampler, Hitachi L-2455 diode array detector, and a reversedphase C18 column (Phenomenex Synergi 4 µ Fusion-RP80 250Â4.60 mm)]. The DNA G+C content of strain CC-YTH161
T was estimated to be 67.0±0.1 mol%, which is within the range reported for the genus Humibacter (62.8-68 mol%) [1] [2] [3] [4] . Isoprenoid quinones were purified according to the methods given by Minnikin et al. [15] and analysed by HPLC as described by Collins [16] . The predominant respiratory quinones in strain CC-YTH161 T were MK-11 (85.0 %) and MK-12 (15.0 %), which are also in line with the Humibacter species descriptions [1] [2] [3] [4] .
Colony morphology, the presence of flagella and cell morphology of strain CC-YTH161
T were investigated using colonies/cells after incubation for 48 h on NA at 30 C. Cell morphology was observed by transmission electron microscopy (JEOL; JEM-1400) after staining with 0.2 % uranyl acetate. The Gram staining reaction was performed as described by Murray et al. [17] , and bacterial motility was observed by light microscopy (Zeiss, model A3000). The following properties were tested in parallel under the same conditions. Carbon source utilization patterns were determined by using the Biolog GP2 MicroPlate (bio-M erieux). Nitrate reduction, indole production, activities of b-galactosidase and urease, hydrolysis of aesculin and gelatin and assimilation of 12 substrates were tested with API 20 NE strips; the activities of various enzymes were determined by using the API ZYM system (bioM erieux). All experiments conducted using commercial kits were performed according to the manufacturer's instructions. Catalase activity was determined by assessing bubble production by cells in 3 % (v/v) H 2 O 2 and oxidase activity was determined by using 1 % (w/v) N,N,N,N,-tetramethyl-1,4-phenylenediamine reagent (bioM erieux). Acid production from D-glucose was confirmed by using methyl red and Voges-Proskauer tests with glucose phosphate peptone medium consisting of 0.5 % glucose, 0.5 % peptone and 0.5 % K 2 HPO 4 (w/v) per 100 ml; a few drops of a solution of 0.04 % (w/v) methyl red in ethanol, VP 1 (40 % KOH) and VP 2 (a-naphthol) reagents were added at intervals as described in the individual experiments.
Colonies of strain CC-YTH161 T were yellowish, circular and raised after incubation for 2 days on NA; growth was also observed on TSA and R2A agar. Cells of strain CC-YTH161
T were Gram-stain-positive aerobic rods, which could grow at 20-40 C (optimum 25 С), at pH 5.0-9.0 (optimum pH 7.0) and with 0-5 % (w/v) NaCl (optimum 1 %). Cells showed positive reactions for oxidase and catalase activities, but DNase activity was negative. Additionally, strain CC-YTH161
T showed several distinct physiological and biochemical characteristics from the reference strains, including the utilization of Tween 40, Tween 80 and bromosuccinic acid, hydrolysis of gelatin and assimilation of malic acid (a comparison of the distinguishing biochemical properties between strain CC-YTH161
T and the reference strains is given in Table 1 ). The detailed phenotypic characteristics of strain CC-YTH161
T are given in the species description.
Biomass for fatty acid and polar lipid analyses was obtained by cultivation of cells on NA medium at pH 6.8 and 30 C. Cells were harvested in the mid-exponential growth phase. Fatty acid methyl esters were prepared, separated and identified according to the standard protocol [18] of the Microbial Identification System (MIDI) [19] via a gas chromatograph (Agilent 7890A) fitted with a flame ionization detector. Cell biomasses were harvested from the plate and subjected to saponification, methylation and extraction [20] . Identification and comparison were made by using the Aerobe (RTSBA6) database of the MIDI System (Sherlock version 6.0). The major fatty acids (>5 %) in strain CC-YTH161
T were anteiso-C 15 : 0 (51.1 %), anteiso-C 17 : 0 (16.1 %), iso-C 16 : 0 (14.3 %) and C 18 : 1 !7c/C 18 : 1 !6c (8.2 %) ( Table 2 ). Other Humibacter species analysed in this study also consistently showed the prevalence of these four fatty acid components. On the other hand, Leifsonia species can be readily distinguished from Humibacter as the former failed to produce components of summed feature 8 in major amounts in addition to showing minor variations in other fatty acid components. Strain CC-YTH161 T could be distinguised from H. antri DSM 25738
T as the former lacked iso-C 15 : 0 and C 16 : 1 !5c besides displaying significant quantitative variations in terms of other fatty acid components. Taken as a whole, the fatty acid profile clearly indicated that strain CC-YTH161
T represents a species of the genus Humibacter.
The cell-wall diamino acid was determined from whole-cell hydrolysates (6 M HCl, 100 C, 18 h) subjected to TLC on cellulose plates using the solvent system of Rhuland et al. [21] . Strain CC-YTH161
T showed the presence of DAB as the diagnostic diamino acid, which is in line with other recognized species of the genus Humibacter [1] [2] [3] [4] . Polar lipids were extracted and analysed by two-dimensional TLC, and total lipid profiles were stained with 10 % ethanolic molybdatophosphoric acid; aminolipids were detected with a 0.2 % (w/v) solution of ninhydrin in butanol; phospholipids were detected with Dittmer and Lester's Zinzadze reagent; glycolipids were detected with a-naphthol spray reagent [15] . The polar lipid profile of strain CC-YTH161
T was characterized by the presence of predominant amounts of DPG, followed by two unidentified co-migrating glycolipids and PG in significant amounts (Fig. S1 , available in the online Supplementary Material). In addition, three phospholipids and glycolipids each were also found in moderate to trace amounts. The polar lipid profile of strain CC-YTH161
T was in accordance with other Humibacter species with the presence of DPG, PG and unidentified glycolipids as major components [3, 4] . Lee et al. [2] proposed the distinction of Humibacter from other Microbacteriaceae representatives on the basis of the absence of DPG in a novel species and in the type species. However, Kim et al. [3] consistently detected DPG in two novel Humibacter species as well as in the type species. Detection of DPG in strain CC-YTH161
T is considered to be important and we recommend not to consider DPG as a chemotaxonomic marker to differentiate Humibacter from other representatives of genera affiliated to the family Microbacteriaceae.
In summary, although 16S rRNA gene sequence analysis showed some ambiguity in terms of taxonomic affiliation of the novel taxon, the phylogenetic analysis clearly revealed that strain CC-YTH161 T belongs to the genus Humibacter but is not related to other established isolates at the species level. This was further substantiated by phenotypic features as well as chemotaxonomic characteristics obtained for strain CC-YTH161
T , which were in accordance with the members of the genus Humibacter. Therefore, we propose the classification of strain CC-YTH161
T as representing a novel species of the genus Humibacter, for which the name Humibacter aquilariae sp. nov. is proposed.
DESCRIPTION OF HUMIBACTER AQUILARIAE SP. NOV.
Humibacter aquilariae (a.qui.la¢ri.ae. N.L. gen. n. aquilariae of Aquilaria, referring to the isolation of the type strain from the agarwood tree, Aquilaria sinensis).
Cells are Gram-stain-positive, non-motile, aerobic rods (1.0-1.4 µm in length and 0.5-0.6 µm in diameter) (Fig.  S2) . Colonies are yellowish, circular and convex after 2 days of incubation on NA; colony size is about 1-2 mm. Growth occurs at 20-40 С (optimal 25 С), at pH 5.0-9.0 (optimal pH 7.0) and with 0-5 % (w/v) NaCl (optimal 1 %). Growth occurs on TSA and R2A agar; catalase-and oxidase-positive. Negative for nitrate reduction. Reduction of nitrate to nitrite -
Oxidation of carbon source (Biolog GP2):
Enzymatic reaction (API ZYM):
Alkaline phosphatase + - The type strain, CC-YTH161 T (=BCRC 80936 T =JCM 31199 T ), was isolated from an agarwood sample collected at Nantou County, Taiwan. The DNA G+C content of the type strain is 67.0±0.1 mol%.
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